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(54) Inclined jet nozzle 

(57) A by-pass gas turbine engine including a pri- 
mary and a secondary nozzle which are substantially 
convergent, wherein the primary nozzle is situated radi- 
ally within, but axially protruding from, the secondary 
nozzle characterised in that the primary and secondary 
nozzles have a substantially common central axis along 
their lengths and the direction of airflow exiting at least 
one of the primary or secondary nozzles is at an angle 
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to the central axis of the engine and that the direction of 
airflow exiting each nozzle is at an angle to the other 
thereby promoting preferential distribution and mixing of 
the airflows. The end of both the primary and secondary 
nozzles may be truncated at oppositely orientated ob- 
lique angles. The internal profile of one or both nozzles 
may be arranged such that the airflow leaves the that 
nozzle at an angle to the axis of the nozzle. 
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Description 



[0001] The invention relates to arrangement of the 
propulsion nozzles for gas turbine engines in particular 
to by-pass gas turbine engines. 
[0002] Control of the mixing and distribution of the ex- 
haust jet plumes can be used to reduce the noise from 
gas turbine engines. Several methods have been tried 
to effect this and have resuited in differing degrees of 
effectiveness. Most methods result in significant thrust 
losses or increased weight. 

[0003] US 4,288,984 discloses a number of ways in 
which the mixing and distribution of the exhaust jet 
plumes is controlled in a by-pass engine. These include 
having a swept, canted or off-set primary nozzle. 
[0004] It is an object of the invention to provide an im- 
proved nozzle design for by-pass engines which offers 
a significant reduction in noise while maintaining high 
efficiency. 

[0005] The invention comprises a by-pass gas turbine 
engine including a primary and a secondary nozzle 
wherein the primary nozzle is situated radially within, but 
axially protruding from, the secondary nozzle cha'rac- 
tensed in that the pnmary and secondary nozzles have 
a substantially common central axis along their lengths 
and that the direction of airflow exiting at least one of 
the primary or secondary nozzles is at an angle to the 
central axis of the engine and the direction of airtlow ex- 
iting each nozzle is at an angle to the other thereby pro- 
moting preferential distnbution and mixing of the air- 
flows. 

[0006] This promotes mixing and dilution of the airflow 
and shielding the higher velocity jet by a greater propor- 
tion of the bypass flow, causing the noise to be convert- 
ed to angles closer to the engine axis. 
[0007] In one embodiment of the invention both the 
primary and secondary nozzles are truncated at oblique 
angles. The nozzles are preferably orientated such that 
said oblique angles are opposite directions. The exit 
plane of the airflow is therefore not perpendicular to the 
central axis defined by the nozzle. 
[0008] In an alternative embodiment the flow direction 
of the primary nozzle axis is simply orientated at a small 
angle to the axis of the secondary nozzle. 
[0009] In a further embodiment of the invention the in- 
ternal profile of one or both nozzles is asymmetric such 
that the primary flow exits the nozzle at an angle to the 
secondary flow. 

[0010] By way of example, the invention will now be 
described with reference to the drawings of which: 
[001 1] Figure 1 shows a scarfed nozzle arrangement 
according to one aspect of the invention. 
[001 2] Figure 2 shows a schematic cross-section of a 
nozzle according to the invention. 
[0013] Figure 1 shows an arrangement of primary and 
secondary nozzles, denoted I and 2 respectively, of a 
by-pass gas turbine engine. Both of these nozzle have 
oblique "cut-off ends" 3, 4 i.e. they are truncated at an- 



gles of a and p relative to the perpendicular of the lon- 
gitudinal axis of the nozzles - the common central axis 
. 5. The direction of the cutoffs are opposite with respect 
to the central axis 5. In the example, the oblique cut-off 
s edge in elevation of the primary nozzle faces upwards 
and the oblique cut-off end of the secondary nozzle fac- 
es downwards. The angles a and p lie in the ranqe 0 5° 
to 30°. 

[0014] In operation the general direction of air flow 
10 from the primary nozzle is in the direction of the long 
arrows and the short arrow indicates the general direc- 
tion of airflow from the secondary nozzle. The quantities 
and direction of airflows is such thatthe overall momen- 
tum of airflow in an axis perpendicular to the engine axis 
15 is zero; i.e. the non axial airflows from the primary and 
secondary nozzles cancel each other. 
[0015] Figure 2 shows a schematic cross-section of a 
nozzle 1 0 according to the invention. The nozzle 1 0 may 
be incorporated as either or both of the primary or sec- 
ondary nozzles. The shape and geometry of the nozzle 
wall is such thatthe general or average direction of over- 
all air flow 11 is at an angle, <p to the central nozzle axis 
12, when the central nozzle axis 12 is taken to be per- 
• pendicular to the end face 13 of the nozzle 
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Claims 

1. A by-pass gas turbine engine including a primary 
30 and a secondary nozzle wherein the primary nozzle 
is situated radially within, but axialiy protruding 
from, the secondary nozzle characterised in thatthe 
primary and secondary nozzles have a substantially 
common central axis along their lengths and the di- 
ss rection of airflow exiting at least one of the primary 
or secondary nozzles is at an angle to the central 
axis of the engine and that the direction of airflow 
exiting each nozzle is at an angle to the other there- 
by promoting preferential distribution and mixinq of 
40 the airflows. 



45 



An engine as claimed in claim 1 wherein the end of 
both the primary and secondary nozzles are trun- 
cated at oblique angles and oriented such that said 
oblique angles are oppositely orientated. 



3. An engine as claimed in claims 2 to 4 wherein said 
oblique angle is in the range 0.5° to 30°. 

50 4. An engine as claimed in claim 1 wherein the internal 
profile of one or both nozzles is arranged such that 
the airflow leaves the that nozzle at an angle to the 
axis of the nozzle, said axis taken to be perpendic- 
ular to end face of the nozzle 
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5. An engine as substantially hereinbefore described 
with reference the accomapnying drawings. 
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